Design Research Society

DRS Digital Library
DRS Biennial Conference Series

DRS2022: Bilbao

Jun 25th, 9:00 AM

Digital toys as tangible, embodied, embedded interactions
Nicole Vickery
School of Design, Faculty of Creative Industries, Education and Social Justice, Queensland University of
Technology, Australia

Dannielle Tarlinton
School of Design, Faculty of Creative Industries, Education and Social Justice, Queensland University of
Technology, Australia

Yuehao Wang
School of Design, Faculty of Creative Industries, Education and Social Justice, Queensland University of
Technology, Australia

Alethea Blackler
School of Design, Faculty of Creative Industries, Education and Social Justice, Queensland University of
Technology, Australia

Follow this and additional works at: https://dl.designresearchsociety.org/drs-conference-papers
Part of the Art and Design Commons

Citation
Vickery, N., Tarlinton, D., Wang, Y., and Blackler, A. (2022) Digital toys as tangible, embodied, embedded
interactions, in Lockton, D., Lenzi, S., Hekkert, P., Oak, A., Sádaba, J., Lloyd, P. (eds.), DRS2022: Bilbao, 25
June - 3 July, Bilbao, Spain. https://doi.org/10.21606/drs.2022.804

This Research Paper is brought to you for free and open access by the DRS Conference Proceedings at DRS Digital
Library. It has been accepted for inclusion in DRS Biennial Conference Series by an authorized administrator of DRS
Digital Library. For more information, please contact dl@designresearchsociety.org.

Digital toys as tangible, embodied, embedded
interactions
Nicole E. M. Vickery*, Dannielle Tarlinton, Yuehao Wang, Alethea Blackler
QUT Design Lab, School of Design, Faculty of Creative Industries, Education, and Social Justice (CIESJ), Queensland University of Technology (QUT), Brisbane, Australia
*corresponding e-mail: n1.mcmahon@qut.edu.au
doi.org/10.21606/drs.2022.804

Abstract: Our research aims to explore the potential that tangible, embedded, embodied interactions (TEIs) has in enabling children’s (age 3-5 years old) active play. This
paper describes our study of 66 commercially available digitally augmented toys that
have the potential to get children moving, and how these digital toys may be conceptualised as TEIs. During our analysis, the type and persistence of digital feedback from
the toys was an important factor in our conceptualisation of these toys as tangible and
embodied. We also encounter issues when conceptualising children’s toys, particularly
toys for pretend play, as embedded interaction. These findings offer the opportunity
to refine our definition of embeddedness to capture children’s play and highlights the
importance of designing toys with strong feedback for physical activity.
Keywords: tangible, embodied, embedded interactions; digital toys; active play

1. Introduction
Children are born to play (Huisman 2014). Play in early childhood tends to have an object focus which can be provided through play experiences (e.g., toy manipulation and experimental exploration) and a social focus, enabled through functional communication experiences (e.g. choice and request situations with a familiar adult) (Tait 2017). Toys can be anything, any tangible object used for play (Kudrowitz and Wallace 2010). Different types of play
with toys can facilitate cognitive development, problem-solving, language development, social interactions, and physical activity (Healey and Mendelsohn 2019; Goldstein 2012).
Smart or digital toys are transforming the possibilities for children’s play (Dore et al. 2017).
These toys are incredibly popular, and typically involve tangible objects or toys augmented
by technology, allowing the toys to fulfil a particular purpose such as education (Cagiltay,
Kara and Aydin 2014). Similarly, Tangible Embodied Embedded Interactive technologies
(TEIs) couple physical components and embodied interactions with some forms of digital information (Hornecker and Buur 2006). Our research presented in this paper examines how
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we might conceptually understand children’s digital toys as TEIs, which may allow us to leverage existing frameworks for designing tangible interactions to facilitate play and childhood
development.
We are not intending to compare the benefits of traditional toys versus those of digital ones.
This paper is also not an exhaustive analysis of existing digital toys. The research described
here forms part of a much larger research project, which explores how novel technologies
(such as TEIs) may enable young children (ages 3-5 years old) to engage in physically active
play. As such, our focus is on tangible, embodied and embedded digital toys that are currently available on the market, and have the potential to get children active. In this paper we
examine 66 such toys that were commercially available to families with young children (aged
3-5 years old) in Australia in 2021. Each toy was analysed using a coding scheme developed
based on our understanding of existing literature around tangible, embodied and embedded
interactions (presented in Section 2); and grouped based on toy type. Here we present a
need to further expand our understanding of these concepts to include children’s play, particularly pretend play; and to highlight opportunities for a better connection between the
physical inputs and the digital feedback provided by these toys.

2. Background
2.1 Early Childhood
Children aged three to five have reached an important developmental stage. During this
time, opportunities for play and physical activity shape their development (Swift 2017). For
example, when children engage in play and physical activity, they learn new skills, develop
their cognitive abilities, and discover the world around them. Additionally, they can develop
and master their new and old physical, cognitive, social, and emotional skills. The preschool
years are also important to establish long-term healthy and active behaviours (Chai, RiceMcNeil and Trost. 2020; Maitland et al. 2020). This is primarily related to children’s motor
skill development, as motor skill development in the preschool years is associated with continued participation in physical activity in later childhood and adolescence (Goldfield et al.
2012; Roach and Keats 2018). This means that motor skill acquisition is important to ensure
children continue to engage in physical activity in the future.
Motor skills can be categorised as gross motor and fine motor. Gross motor refers to large
muscle groups which are used for balance, coordination, strength, or agility (Wang 2004).
For example, children require gross motor skills to run, push, pull and throw. Children often
develop their gross motor skills from a young age to move, stabilise, and control their body
as well as objects within their environment (Cools et al. 2009). In comparison, fine motor
skills refer to small muscle groups which refer to abilities such as finger dexterity, finger
speed, and arm or wrist steadiness (Wang 2004). For example, children use fine motor skills
to write, draw, build with blocks, and push buttons. Gross and fine motor skills are developed when children engage in physical activity and play. Therefore, play and physical activity
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in early childhood are essential to developing necessary motor skills to continue children’s
engagement in these activities long term.

2.2 The Evolution of Tangible Technology
In the last two decades, tangible technologies have emerged as a new interaction type that
interweaves the digital and physical worlds. The concept of “tangible bits” was firstly proposed in 1997 (Ishii and Ullmer 1997), which is in contrast to “painted bits” (i.e. the traditional graphical user interfaces). Tangible bits can interlink graspable objects and ambient
media, and the bits become manipulable using the real world as a medium. Since then, researchers have devoted efforts to developing the notion of Tangible User Interfaces (TUIs)
(Shaer and Hornecker 2010).
TUIs give physical form to digital information, employing physical artefacts both as representations and manipulations for computational data (Ullmer and Ishii 2000). In an effort to better describe and design TUIs, Fishkin (2004) presented a taxonomy that uses metaphors and
embodiment as its two dimensions. Metaphor describes how closely a digital object or action might be mapped to a real-world object or action. While embodiment relates to how
closely the tangible input relates to the computational output. Embodied metaphors refer to
interactional body-based metaphors, which leverage embodied knowledge of the metaphorical relationship between natural movements and digitally mediated output of TUI systems
(Antle, Droumeva and Corness 2008).
The term tangible embodied embedded interactions (TEIs) emerged as technology evolved
to allow for greater embodiment of physical interactions. Depending on the purposes and
functionalities, TEI systems have been discussed by researchers as tangibles, embodied interfaces, embedded systems and mixed reality systems (Desai 2017).

2.3 Tangible Interactions
Tangible interactions refer to bodily interactions with physical objects (Hornecker and Buur
2006). In tangible interactions, physical objects not only act as interaction objects but also as
interfaces and interaction devices. These objects are perceptually coupled with digitally produced representations (e.g., audio and visuals) that enable users to control computation. Users can feel and move the objects, and by doing so, the system can respond with feedback
(Wensveen, Djajadiningrat and Overbeeke 2004). For example, Polipo is an interactive toy
which encourages children to practice fine motor skills (Tam, Gelsomini and Garzotto 2017).
Children are promoted to interact with the Polipo using different coloured LED lights, which
indicate specific functions to perform. When a function is performed successfully a sound
clip is played in addition to a light display.
Tangible interactions can enable understanding of the relationship between people’s actions
and their effects (Hornecker and Buur 2006). The actions supported by an object should be
based on well-understood actions relating to the object (Ishii 2008), which is achieved by
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employing metaphors. The actions performed upon the object should be closely aligned to
the to the transformation of the data.

2.4 Embodied Interactions
Embodied interaction refers to the relationship between action and meaning (Dourish 2004).
Within this relationship, action and meaning form a duality where action both produces and
draws upon meaning; and meaning gives rise to and arises from action. There is also a similar relationship between the physical and symbolic within embodied interaction. This is because an artefact itself may be physical, but when it is incorporated into practice, it can also
take on a symbolic value. From this understanding, Dourish (2004) defined embodied interaction as “the creation, manipulation, and sharing of meaning through engaged interaction
with artefacts”.
Bodily movements are leveraged in embodied interaction to enable users to act within
spaces and upon everyday objects, to control computational systems (Antle, Corness and
Droumeva 2009). For example, Hunting Relics (Cibrian, Tentori and Martínez-García 2016)
used floor-based projection and sensor systems to encourage children to move and interact
within the space and the interface itself. In Hunting Relics, children would move within the
space as suggested by the projected interface, to walk over bridges, step on bugs, and
search for treasure. Commonly, embodiment is studied through gestures, as they represent
the connection between the users’ way of thinking and their bodily experiences within the
world (Kopcha et al., 2021). Consequently, many embodied interactive systems rely on the
metaphorical interpretation of users’ spatial gestures to prompt certain functions of the system (Grechkin, Plumert and Kearney 2014). Although, embodied interactions can also be evidenced through spoken word, gaze, and the use of other tools within the environment (Kopcha et al., 2021). It can be challenging to design embodied interactions because they are
built on users’ natural bodily actions (Maher and Lee 2017). This is because, when a user approaches an embodied interactive system, they are required to develop a new understanding of how the system works based on physical exploration. As a result, their prior experience or expectation of the system may affect their initial exploration of the system, which
influences the mental model they construct to understand how the system works. For this
reason, it is important that interactive features such as gestures should be designed to be
easily learned within the context of embodied systems.

2.5 Embedded Interactions
As computer inputs evolved beyond keyboard and mouse-based interaction, into graspable
or physical interactions and ‘intelligent’ sensors, gesture-based interfaces and RFID tags,
technology has become increasingly embedded in everyday objects and environments (Van
Den Hoven et al. 2007; Ronkainen et al. 2007). Embeddedness can be defined as the seamless integration of technology within a physical context (Hornecker 2010). Embedded interactions allow users to interact with technology through everyday objects, environments, and
tasks (Blackler et al. 2018; Kranz, Holleis and Schmidt 2009).
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Many explicitly embedded interactive experiences as we know them take the form of sensory interfaces or interactive installations. Sensory interfaces include interfaces which focus
on producing sensory experiences for the user (audio, visual, touch, and to a lesser extent
olfactory) (Baillon, van Diepen and Prettyman 2002). For example, Gurgle (Arroyo, Bonanni
and Valkanova 2012), a water fountain embedded interface designed to draw passersby in
to take a drink. Interactive installations can include interfaces that are heavily integrated
within the context to the point where actions within the space might be considered as a part
of interaction with the system (Hornecker 2010; Fernaeus, Tholander and Jonsson 2008). For
example, the Sounds of Infinity installation was embedded in a public space at the Vivid Festival in Sydney Australia. Screens were embedded in the walls and produced lights across the
screens in response to users audio input including clapping, stomping, yelling and speaking
(Chew et al. 2020). However, embedded interactions can be less obvious and more ubiquitous in our environments, such as interactions with the internet of things (Kranz, Holleis and
Schmidt 2009), and wearable technologies (Swallow and Thompson 2001; Buruk, Isbister
and Tanenbaum 2019).

3. Method
While playgrounds, traditional toys, and social play may be arguably more effective in facilitating active play, children are experiencing greater isolation from playmates during COVID19 (Eyler et al. 2021; Perez et al. 2021), and increasing difficulty in accessing outdoor play
spaces due to decreased public greenspace (Dowdell, Gray and Malone 2011), and playground closure due to pandemic lockdown measures (Riazi et al. 2021). In some cases, digital toys, and the actions they facilitate may offer children in these situations at least a little
potential for active play. Many of the toys included in this study can be used in limited space
and to some extent with limited supervision. Using digital toys to facilitate active play also
leverages children’s natural curiosity with technology and may have the potential to engage
them more, in addition to traditional active play contexts.
As our broader research project is aimed at designing TEIs which will facilitate children’s active play, this study was focused on exploring existing digitally augmented toys that had the
potential of getting children active. By examining toys with digital components, we aimed to
discover how children’s toys may be understood as tangible, embodied and embedded technologies, and identify common themes among TEIs available for young children and families.
In order to do this, we conducted a product exploration of toys available in stores.
A series of criteria was developed to guide our examination of commercial toys:
•

The object must provide potential for tangible, embodied or embedded interactions to be considered a TEI (Hornecker and Buur 2006). This includes tangible
objects such as toys or play equipment augmented by technology (as defined by
Desai (2017)).
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•

It is designed for children aged 3-5 years of age or families with young children,
and currently available for purchase in Australia.

•

It has the potential to increase physical activity or facilitate active play, either as
an intentional design choice which is explicitly advertised by the manufacturer,
or more implicitly.

The study began by examining online catalogues, toy stores and department stores (e.g. Target, Toyworld) for objects that would adhere to the criteria outlined above and led us to also
explore typical manufacturers of children’s toys (e.g. LeapFrog and Vtech Electronics). As
each toy was identified it was logged into a spreadsheet with information about the TEI’s
purpose and ‘type’, its digital components, and a description of how the TEI is used or interacted with.

3.1 Developing a Coding Scheme
Three researchers categorised each product and its potential for tangibility, embodiment,
and embeddedness using the following definitions which were compiled based on the literature:
•

Embodiment as the relationship between action and meaning. Users create, manipulate and share meaning through their interactions (Dourish 2004).

•

Tangibility as the physical interactions used to effect or control digital data (Hornecker and Buur 2006).

•

Embeddedness as the integration and augmentation of technology in everyday
objects or tasks (Kranz, Holleis and Schmidt 2009).

Through these discussions we developed a conceptual scale of tangibility, embodiment, and
embeddedness (Table 1). In Table 1, ‘1’ represents the least tangible, embodied, or embedded qualities, and ‘5’ represents the most tangible, embodied, or embedded qualities. Once
this coding scheme was developed, each product was given a rating from 1-5 based on how
it fit within the definitions of the three aspects.
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Table 1. Rating themes that were developed based on researchers’ discussions of tangible, embodied
and embedded interactions with technology.
Tangible

Embodied

1

Least Tangible: the product
requires physical input to
be switched on, but no further physical input is required.

Least Embodied: responses
from the product don’t provide meaning for interaction,
there is no mapping of action
and meaning.

Least Embedded: the product is not used in everyday
tasks or technology is not
used to augment everyday
objects.

2

Physical interaction is used
to create initial digital responses from the product,
but persistent interaction is
not required.

Initial actions have meaning to
the user, but the digital responses from the product may
persist without further interactions.

These products may emulate
everyday objects, but the
connection to the original
tasks may be more abstract.

3

Requires persistent interaction from the user to continue, the digital responses
may not change based on
different interactions.

Requiring persistent action to
continue eliciting a digital response from the user.

These products emulate everyday objects or tasks, but in
a way that is not necessarily
integrated into everyday lift.

4

Requires persistent interaction from the user, the
product may elicit a different digital response based
on different interactions.

Each interaction provides the
user with a clear and unique
meaning for their interaction.

The product has the potential to be considered ‘everyday’ but may be limited in
how often users will interact
with it.

Most Tangible: each unique
physical interaction produces a unique digital response from the product.

Most Embodied: every action
has meaning that can be understood by the child. The action and meaning of this action are closely mapped.

Most Embedded: the technology is ubiquitous and is
integrated with everyday objects and interacted with
through everyday activities.

5

Embedded

Once each toy was rated based on their tangibility, embodiment, and embeddedness; they
were categorized based on what may be considered their primary ‘type’. Table 2 contains
the toy type themes that were inductively developed based on toy sellers, and manufacturer
descriptions of each toy. These themes were developed to assist the research team in the
presentation of data in Section 4.
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Table 2. Toy types developed based on toys descriptions.
Code

Description

Examples

Educational

Toys specifically designed for education; these toys typically include learning outcomes (e.g. numeracy, literacy,
colours or shapes).

LeapFrog Step & Learn Scout
(LeapFrog Enterprises Inc 2021b)

Wearable

‘Kid friendly’ smart watches, fitness
trackers, and augmented clothing that
children can wear.

Garmin vivofit jr 2 (Garmin Ltd
2021)

Augmented Sports

Traditional sports-related toys and
sports equipment with digital components

Smart Shots Sports Centre (VTech
Electronics 2021)

Gross Motor

Encourages the use of gross motor
skills including pushing, pulling, riding
on the physical toy, walking and crawling.

KidSource Musical Hop Skipper
(ToysCentral Australia 2021)

Pretend Play

Toys used for role-play including
household tools, and pets/animals.

furReal Walkalots (Hasbro 2021)

Augmented Toys

Toys with digital components.

Robo Fish Robotic Swimming Pet
(Zuru Inc 2021)

Music and Dance

Encourages music and dance-based
play.

Learn & Groove Musical Mat
(LeapFrog Enterprises Inc 2021a)

Our initial intention had been to establish where each of these products are positioned on a
continuum between each concept; however, during our analysis we realised that these
terms are more complementary, and that a toy could be embedded, tangible, and facilitate
embodiment, as such our results with present how these toys rated using a radar diagram in
Section 4 (Figure 1).

4. Results
During our online search for digital toys, 66 toys were identified as having tangible, embodied, or embedded interactions; marketed for children within 3-5 years of age; and having the
potential to facilitate physically active play. In this section, we report on the findings of our
conceptual categorization around how each digitally augmented toy lies within our definitions of tangibility, embodiment, and embeddedness (see Section 3 for definitions).
Figure 1 shows the mean ratings for toys in the categories identified during the thematic
analysis detailed in Table 2, including Augmented Sport (n=16), Pretend Play (n=12), Gross
Motor (n=11), Music/Dance (n=9), Wearable (n=7), Educational (n=6), and Augmented Toy
(n=5). While some of these toys may have the potential to be included in multiple categories, toys were categorized based on which theme they best aligned to, to ensure these averages were reliable. For example the LeapFrog Scoop and Learn was thematically categorized
into three categories – Education, Pretend Play, and Gross Motor – however for the purpose
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of this analysis it was included in the Educational mean, as Education is one of its primary
objectives based on the manufacturers information.

Figure 1. The mean ratings in terms of tangibility, embodiment, and embeddedness for each toy type.

5. Discussion
The purpose of our research was to examine how children’s digitally augmented toys might
be considered within the concepts of tangibility, embodiment, and embeddedness. Our results demonstrate that while all digital toys in our study may be considered TEIs to a varying
degree, no toy category scored high across all three concepts. Wearable and Music/Dance
toys scored highly in at least one category – embeddedness and tangibility respectively.
Music and dance toys typically demonstrated the highest levels of these three concepts; this
is likely because many of these toys were musical/piano mats which can be embedded in the
children’s environment; can be interacted with physically to create digital music; and provide feedback in a way that children can interpret. For example, the the FAO Schwarz - Toy
Dance Mixer Rhythm Step Playmat (the Dance Mixer), which was rated a 4 in terms of tangibility, provides an auditory response for each physical interaction. The feedback also
changes depending on which panel the child steps on and gives the child-user the impression
that they are transforming the music, see Figure 2.
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Figure 2. The the FAO Schwarz - Toy Dance Mixer Rhythm Step Playmat. (1) Shows the Dance Mixer
which has the potential to be embedded in a play environment, (2) the dance mat control
console makes noises when music panels are stepped on, and (3) the circles on the console
light up corresponding to the musical panel that a child is standing on.

Wearable technologies – e.g. Garmin vivofit jr.2 (see Figure 3, Image 1) – received a high
score in terms of embeddedness as these technologies can be worn throughout the day and
collect information ubiquitously, allowing the child to create digital input through an everyday task such as walking. However, the vivofit jr. and most wearables received a lower rating
in terms of tangibility because the user is often not always intentionally interacting with
these technologies. Wearable technologies were also considered to have a medium level of
embodiment for children of our age group, as typically they may not understand the importance of reaching step goals beyond the gamification in mobile-based apps (apps were
not a consideration of this study). The activity levels and calories burned would be more
meaningful information for parents.
Pretend play toys were often difficult to place within the concept of embeddedness, as they
did not necessarily fall within the concept of being everyday items augmented by technology. Also, many of these toys were not always tangible, while some provided closely linked
responses for physical input, such as the furReal Walkalot which moves as children ‘walk the
dog’ (see Figure 3, Image 2); while others provided feedback that simply persisted while the
child had the toy switched on, such as the Tuff Tools Power Mower which has an on button
to play the engine sounds.
Augmented sports toys often varied in their amounts of embodiment, tangibility, and embeddedness. In some cases, the feedback provided to the user was in the form of a flashing
light or a number (to count how many times a particular action was performed), requiring
the child to make meaning from this limited feedback. These toys also fluctuated in terms of
embeddedness. Some toys were general play equipment augmented by technology, such as
self-counting skipping rope or light up balls (such as the Hello Sunshine Light-up ball, see Figure 3, Image 3), while others appeared less embedded and appeared to be more related to
children’s pretend play for particular sports.
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Figure 3. (1) The Garmin vivofit jr.2 (image credit: Blume 2018, Attribution-Share Alike 4.0 International) collects steps as children engage in physical activity throughout the day; (2) The
furReal Walkalots Big Wags Pup can be walked and moves as the user steps; and (3) The
Hello Sunshine Light Up Sensory Ball flashes alternating red/blue lights when bounced.

Educational toys were given varying levels of tangibility which averaged out to mid-level of
tangibility. Many of these toys focus on fine motor input rather than whole body interaction,
though they typically included a rich range of feedback which enabled a sense of embodiment. For example, the LeapFrog Scoop and Learn Ice Cream Cart (S&L ICC), which was given
a high rating in tangibility because it offers children a range of physical interactions with the
system, with each of these interactions creating a unique response from the product. When
lifted by the handle and pushed, the S&L ICC will play music and call out “Ice cream, ice
cream! Who wants ice cream!” (see Figure 4– Image 1), and inserting different ‘order cards’
will elicit a different play scenario depending on the card (count or completing an order for a
character); and scooping ‘ice cream’ and ‘toppings’ will create a different ‘verbal’ response
from the product (see Figure 4 – Image 2).

Figure 4. The LeapFrog Scoop and Learn Ice Cream Cart, (1) responds to push interaction with a ‘pretend play’ prompt; and (2) provides verbal feedback when ice-cream is scooped
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The toys in the Gross Motor skills and Augmented Toys categories scored relatively low in
tangibility, embodiment, and embeddedness. These types of toys often have less obvious
feedback for physical interactions, commonly being switched on and producing music or
light consistently while the child uses the toy, as opposed to producing feedback for each
tangible interaction. For example, the VTech Push & Ride Alphabet Train (the P&R Train) facilitates the practice of pushing and scooting gross motor skills. However, the P&R requires
mostly button-based input and allows children to exercise other fine-motor skills by turning
dials or flipping the panels of the ‘book’ (see Figure 5 - image 4), causing the P&R Train to
light-up and play sounds. However, while the child is riding or pushing the train, these inputs
are no longer as easily accessible as they are on the side of the train – and pushing or riding
on the train elicits less digital feedback (Figure 5). Gross motor and Augmented Toys were
also less embedded as they utilised physical objects that might not be considered everyday
objects for children such as trains, crabs, and cars.

Figure 5. The VTech Push & Ride Alphabet Train, (1) a handle to grasp while pushing the P&R Train;
(2) a seat for children it sit on while riding the train; (3) the lid of the seat can lift up and create a push-able trolley; and (4) the light up and musical button to teach numeracy and literacy; (5) and the alphabet blocks.

5.1 Toys as Tangible, Embodied or Embedded
Here we will discuss key issues that shaped how our research team considered each toy as a
TEI. During our categorization process the level and persistence of digital feedback shaped
how we rated these toys in terms of tangibility and embodiment. Toys that provided explicit
feedback for interaction, such as verbal responses from educational toys, were perceived
has having greater embodiment for children as these toys would provide meaning through
the verbal feedback. For example, while using the S&L ICC, scooping the pink ‘ice cream
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piece’ elicits verbal feedback telling the user they have scooped the strawberry piece, allowing children to learn about colours. Toys that provided less specific feedback, such as the
Dance Mixer (outlined above) provides more abstract feedback which may be less obvious to
children, received a lower score in terms of embodiment.
Some of the toys included in this study provided feedback based on pushing buttons, as opposed to interacting with the toy physically. Of concern for our research project is how children’s toys may have the potential to facilitate active play. One way that this might be accomplished is through feedback for vigorous interaction. This was the case for some toys,
such as the Dance Mixer, and the furReal Walkalots Big Wags Pup. The furReal Walkalots required children to walk and push it along to initiate and to continue the interaction, meaning
that it relies on children’s persistent physical interaction, as opposed to some toys such as
the light up ball which would light-up and flash from a single bounce, but persisted for a
short time after interaction, which might reduce the sense of meaning that this feedback
might have for the child.
The importance of digital feedback in the design of digital toys for tangible, embodied, embedded interactions suggests that perhaps digital toys, as they are, have not yet developed
to the point where they may be considered true TEIs. This indicates that further designs
should focus on providing users with a range of feedback for different interactions and use
more explicit feedback to increase embodiment for young children.
Embeddedness was the most difficult concept to rate, mostly because few toys could be adequately defined as being everyday objects or tasks augmented by technology. Based on
this, we might assume that our current understanding of embedded interaction does not adequately capture everyday activities for children such as pretend play. For example, the S&L
ICC and the furReal Walkalots were assigned a lower embeddedness scores as it did not suit
our requiremnent as being embedded within an everday activty. This may be because these
toys are intended to engage children in pretend play or play more generally, which is considered as an everyday task for them but not for adults.

5.2 Potential for Design and Future Research
Feedback and how it is understood by children appears pivotal to the design of digital toys as
tangible, embodied, embedded interactive technologies. Future designs might better leverage digital feedback to encourage children to engage in active play by providing digital responses for physical input created through physical activity. To provide richer tangible interactions (with the toy-based technology), future designs may consider including feedback
with changes based on the type of input provided by the child. For example, a light-up ball
may provide different patterns of lights depending on whether it is thrown or rolled to encourage different interactions. The toy may also encourage more sustained engagement by
changing colour the longer they engage with it
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To facilitate embodied interaction toys may leverage multiple types of feedback to help children derive meaning from their actions. For example, where children may struggle to understand non-specific light-based feedback (such as a flashing button), future TEI’s may also
provide auditory feedback to help children derive meaning from their interactions. Future
embedded interactions may also leverage physical activities that children engage in at home
on a day-to-day bases, as opposed to attempting to leverage concepts they may be unaware
of, such as ‘ice-cream carts’ or ‘DJ mixing’. Instead, digital toys might provide children with
augmented games, such as ‘hide-n-seek’ or ‘tag’ by embedding sensors in their environment.
Finally, few of the toys existing toys appeared to explicitly encourage the practice of gross
motor skills through children’s’ interactions with digital components. By giving meaning to
more physical actions (as opposed to pushing buttons), TEIs may have greater potential for
encouraging children to practice their gross motor skills.
There is also the potential to explore more TEIs in public spaces, including installation and
embedded experiences such as those at Questacon at the National Science Centre in Canberra (Vickery et al. 2021; Australian Government Department of Industry 2021).

5. Conclusion
The aim of our research is to examine how we might use novel technologies (such as TEIs) to
enable children’s active play. This paper examines how children’s digital toys may fit within
our existing understanding of tangibility, embeddedness, and embodiment. The findings of
this paper suggest the importance of the digital feedback provided to children while interacting with these toys, and that using specific feedback that is closely aligned to children’s
physical interactions may increase the embodiment and tangibility of these toys. Future designs might use this knowledge to further improve how toys provide digital feedback for
play.
We also found difficulties in categorising these toys as embedded, which may indicate that
our understanding of embedded interactions with technology may not be sufficient to capture children’s pretend play or play more generally. Further research into how play and playful objects may be embedded as ‘everyday’ into a space is needed.
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